To determine if reactive oxygen metabolites have a pathogenic role in Helicobacter pylon (H pylon) related gastroduodenal disease, this study measured their production in antral mucosal biopsy specimens. Two related chemiluminescence techniques were used comparing H pylon positive (n=105) and negative patients (n=64) with a similar spectrum of macroscopic disease. After chemiluminescence assays, biopsy specimens were graded histologically. Increased luminol dependent chemiluminescence (detecting reactive oxygen metabolites through peroxidase catalysed reactions) was found in H pylon positive patients (median photon emission=6*4X 103/min/mg wet weight (95% confidence intervals 3-6 to 9.9)) but not H pylori negative cases (-0.9 (-1.3 to -0.6))
D R Blake, D S Rampton Abstract To determine if reactive oxygen metabolites have a pathogenic role in Helicobacter pylon (H pylon) related gastroduodenal disease, this study measured their production in antral mucosal biopsy specimens. Two related chemiluminescence techniques were used comparing H pylon positive (n=105) and negative patients (n=64) with a similar spectrum of macroscopic disease. After chemiluminescence assays, biopsy specimens were graded histologically. Increased luminol dependent chemiluminescence (detecting reactive oxygen metabolites through peroxidase catalysed reactions) was found in H pylon positive patients (median photon emission=6*4X 103/min/mg wet weight (95% confidence intervals 3-6 to 9.9)) but not H pylori negative cases (-0.9 (-1.3 to -0.6)) (p=0-0001). Similar results were found using lucigenin (which reacts directly with oxygen metabolites, particularly superoxide): (H pylon positive 0 9 (0-1 to 3.2); H pylon negative -1-2 (-3.4 to -0.6)) (p=0.0003). Chemiluminescence was greater in H pylori positive compared with negative tissue when samples were grouped by equivalent macroscopic or microscopic damage. This difference was in part accounted for by a greater neutrophil infiltration in the H pylon positive mucosa, but when biopsy specimens with equivalent neutrophil infiltration could be compared directly, positive specimens gave greater chemiluminescence than negative. Smoking, drugs, and alcohol consumption had no independent effect. It is concluded that excess mucosal reactive oxygen metabolite production is associated with H pylon gastric antral infection and may be an important pathogenic mechanism. There is no evidence for reactive oxygen metabolite participation in the pathogenesis of gastric mucosal injury in cases unrelated to H pylori infection. (Gut 1994; 35: 179-185) Helicobacter pylori causes an acute' followed by a chronic23 gastritis, both characterised by a considerable neutrophil infiltrate. The To show that ROM production was the cause of the chemiluminescence seen, we used a range of antioxidants (Table II) . Figure 1 shows the actions of the antioxidants. Only specimens with initially high chemiluminescence (more than 40000 counts/min/specimen) were used, and only when a second specimen with similar counts was available from the same patient for the control experiment (Table II) . There was no significant difference in initial sample chemiluminescence between the 27 pairs of specimens (p=0-92, paired Student's t test). Pairs of specimens from at least six different patients were used for each antioxidant. After addition of antioxidant or its control, vials were recounted for five minutes. Effects were expressed as the percentage change in chemiluminescence compared with the result obtained with the control.
Immediately after chemiluminescence assays (within two hours of obtaining the specimen) samples were dry blotted, weighed, and prepared for histological assessment.
REPEATABILITY OF CHEMILUMINESCENCE ASSAYS
This was assessed where more than one specimen was taken from the same site in the same patient, and assayed by the same chemiluminescence probe. Median (95% confidence intervals (CI)) percentage disagreements between the highest and lowest chemiluminescence results were 18 (-25 to 48) (n=87) for luminol chemiluminescence and 33 (13 to 87) (n=46) for lucigenin chemiluminescence. This scatter was small in comparison with the differences found between patients.
HISTOLOGICAL STUDIES
Sections were coded so microscopic assessments were made blind to the chemiluminescence result and other biopsy details. Haematoxylin and eosin stained sections were prepared from formalin preserved specimens in 103 of the patients, and inflammation graded semiquantitatively (Table III) . Neutrophil infiltration was scored specifically in 65 patients using an image analysis system. Three superficial fields (x25 magnification) were selected at random, and the image examined on a monitor screen. Neutrophils were individually counted on each digitised image, and scores from the three fields totalled. (Fig 4, Table IV ). In the H pylori negative group, none of the macroscopic disease groups had chemiluminescence results significantly differ- (10-7 to 46 6) tResults are median background corrected photon emissionx 103/ min/mg, with 95% confidence intervals in parentheses below; tdifferences between groups were significant for the H pylori positive (p=0-0002, Kruskal-Wallis) but not H pylori negative biopsy specimens (p=0-6). *p<005, **p<0-01 compared with Hpylori negative tissue assessed with the same chemiluminescence probe. Superoxide is the initial oxygen radical formed in both situations, and is converted spontaneously, or under the influence of superoxide dismutase, to water and hydrogen peroxide (Fig 1) . Hydrogen peroxide combines with superoxide in the presence of transition metal ions to form the toxic hydroxyl radical, or alternatively, in the presence of neutrophil derived myeloperoxidase as a catalyst, is converted to hypochlorite, another highly toxic ROM. Chemiluminescence is a sensitive but comparatively non-specific assay for these toxic ROMs, as other oxidants may react with the probes to produce chemiluminescence. We excluded direct production of ROM from H pylori, or any other activation of the chemiluminescence reaction by H pylori. The results with antioxidants (Fig 3) and with the different chemiluminogenic probes, support the conclusion that the chemiluminescence system was responding, at least in the most part, to ROMs, and gives some indication of the particular ROM present. Luminol gave consistently higher results than lucigenin, which would be explained if neutrophil derived myeloperoxidase was present. In in vitro experiments, with ROM production from neutrophils receiving standard stimuli, luminol produces greater chemiluminescence than lucigenin, but A contribution by ischaemia reperfusion mechanisms to the ROM detected cannot be excluded from these data, and might explain the chemiluminescence detected in H pylon positive specimens with a neutrophil score of zero (Table  VI ). An alternative explanation, however, is that the sampling method chosen underestimated the numbers of neutrophils present in the specimens.
CULTURE AND PREPARATION OF HELICOBACTER PYLORI
The contrast between the ROM production in specimens of H pylon positive and negative gastritis may well be largely explained by the greater mucosal neutrophil infiltrate in the former. There was also evidence, however, that mucosal neutrophils associated with H pylon infected tissue were more activated than those associated with other causes of gastritis, as where specimens with equivalent neutrophil infiltrates could be compared, H pylon positive cases had higher ROM production than H pylori negative.
It could be argued that measurement of mucosal chemiluminescence is simply an indirect method of quantifying neutrophil infiltrates and, further, that ROM production is an inevitable but pathogenically irrelevant and nonspecific epiphenomenon in inflamed tissue, particularly that containing phagocytes. These arguments are discounted by our data. Firstly, in H pylon negative tissue there was no correlation between chemiluminescence and neutrophil score. Secondly, as already shown, H pylori positive and negative specimens with similar neutrophil scores had different chemiluminescence responses (Table VI) . Lastly, macroscopically and microscopically inflamed tissue that was Hpylori negative did not show increased chemiluminescence (Tables IV and V , Fig 4) . Two Fig 4) .
H pylon antral infection is strongly associated with duodenal ulcer disease. Although ROM have been implicated in the pathogenesis of experimental duodenal ulcer for some time,3031 evidence in humans has only appeared in the last three years.2O32-34 The hydroxyl radical scavengers, allopurinol (which also inhibits xanthine oxidase and therefore ROM production in ischaemia reperfusion) and dimethyl sulphoxide seemed to reduce the relapse rate of healed duodenal ulcers compared with cimetidine or placebo,32 and, combined with cimetidine, to improve ulcer healing compared with the antisecretory drug alone. 33 Circulating lipid peroxidation products (markers of ROM mediated cell damage) were increased, and antioxidants (glutathione and plasma thiols) reduced in patients with active duodenal ulceration, values returning to normal after ulcer healing. 34 We recently reported increased ROM production in duodenal mucosal biopsy specimens from duodenal ulcer disease. 20 The finding that H pylori may colonise ectopic gastric mucosa in the duodenum35 36 may provide a link between such evidence for ROM excess in duodenal ulcer disease, and the findings of this study. If H pylon infection of ectopic gastric mucosa also stimulated neutrophil recruitment and activation, the localised, excessive, and cytotoxic ROM production could lead to local ulceration, particularly in the presence of other cofactors including luminal acid, bile, and pancreatic juice.
The mechanisms by which ROMs cause cell injury have recently been well reviewed,"37 and oxidative stress has been linked to carcinogenesis.
A long term stimulation of excessive gastric mucosal ROM production in response to H pylori would seem possible, and this might be relevant to the pathogenesis of gastric neoplasia, with which the organism has been associated.67 It is of related interest that the risk of carcinogenesis is lowest in populations consuming a diet rich in natural antioxidants, and that mucosal antioxidants in gastric juice fall in patients with chronic gastritis.i"
The findings reported here may have therapeutic as well as pathogenic implications. Antioxidants might reduce the pathogenic effects of H pyloni infection, and be the only treatment option in patients with antibiotic resistant organisms. The recent finding that omeprazole inhibits neutrophil chemotaxis and activation4' may have relevance to its mode of action in H pylonz related disease.
In conclusion, we have shown excess ROM production in H pylori infected gastric mucosa, and speculate that this is because H pylorn releases diffusible compounds that are capable of activating phagocytes. H pylon induced ROM production could contribute both to the patho-genesis of antral gastritis and, through infected duodenal ectopic gastric mucosa, to duodenal ulcer disease. Proof that ROMs play a primary part in these diseases awaits the finding that specific antioxidants inhibit H pylon induced antral mucosal inflammation and ROM production, and reduce the incidence of duodenal ulcer in H pylori infected patients.
